Extracts with immunological activity were prepared from Aspergillus fumigatus, A . Jlavus, A . terreus, A . niger and A . nidulans. In each case crude mycelial wall was extracted with an aqueous solution of Triton X-100 giving detergent-soluble material. Further fractionation was achieved by removing the detergent from this solution; the resultant precipitate was removed by centrifugation, and the aqueous supernatant was used as a source of soluble antigens. The sensitivity of these preparations was compared with that of water-soluble antigenic material, prepared from whole macerated mycelium, by double diffusion and counterimmunoelectrophoresis using homologous antisera and sera from patients suffering from aspergilloma and allergic bronchopulmonary aspergillosis. The selectivity of these antigenic preparations was monitored with heterologous antisera raised in rabbits. Batch variability was analysed for one strain of A . fumigatus using chemical and immunological methods. The nature of the antigenic sites involved in these reactions was investigated by studying the susceptibility of the preparations to proteolytic hydrolysis, periodate oxidation and concanavalin A treatment. The total protein and carbohydrate content of each fraction was determined and the constituent sugars analysed in an attempt to correlate chemical composition with antigenic activity.
INTRODUCTION
Serological tests are used extensively in the detection of all forms of human aspergillosis (Biguet et al., 1964; Coleman & Kaufman, 1972; Longbottom & Pepys, 1964) . The antigens which have been used as diagnostic aids have been prepared by different methods and in general they are highly complex mixtures which are difficult to analyse and, hence, to reproduce. With test sera these antigens can give conflicting results due to batch-to-batch variation, lack of sensitivity and cross-reactivity with other antibody species. We have recently described the preparation of antigens from A . fumigatus mycelial wall and their reactivity against test sera (Hearn & Mackenzie, 1979 . The evidence, based on serological and chemical data, indicated an increased sensitivity of these preparations over that of their water-soluble counterpart, used as a routine antigen in our laboratory. A similar fractionation procedure has now been applied to several other species of Aspergillus. The antigenic fractions thus obtained have been studied chemically and serologically with special reference to sensitivity and specificity. were found with the two strains of A . fumigatus. Yields of the other species were closely allied to each other and were approximately half that of A . fumigatus. The highest yields of the WS/TE fractions were obtained from A . niger and A . nidulans (0.5% and 0.4%, respectively) ; from other species, the recovery was of the order of 0.2 %.
Sugar analysis. Neutral sugars present in the TE extracts were identified by g.1.c. With the WS extracts, glucose and galactose were measured using the available kits while mannose was estimated by difference. Amino sugars were determined using an amino acid analyser. The results are summarized in Table 2 .
All extracts contained mannose, galactose, glucose and hexosamine. Mannose was the dominant neutral sugar in all extracts except A . niger TE, where galactose was the major neutral sugar, and A . terreus WS, where glucose predominated. Galactose was present in most extracts in excess of glucose except for A. nidulans (both WS and TE) where the galactose to glucose ratio was of the order of 1 : 1 and A . JEavus WS where the ratio was 1 : 2. All TE fractions contained both glucosamine and galactosamine, except A . niger where the latter was undetectable. Of the WS preparations only A . fumigatus 2140 contained appreciable levels of hexosamine, which was found to be made up of approximately equal amounts of glucosamine and galactosamine.
Sensitivity towards homologous antisera. In double diffusion tests with homologous antisera, the TE preparation of each species had very similar reactivity to that of its WS counterpart where, in general, each showed the presence of two precipitating components. The WS/TE preparations showed differences only in the extracts from A . terreus and A . nidulans, (a) Detection of precipitins using a TE fraction from A . furnigatus 2109 with aspergilloma and ABPA patients' sera. The centre well contained the antigen. Peripheral wells contained the following sera: A to C , sera from three different aspergilloma patients; D to F, sera from three different ABPA patients. All sera used were undiluted.
(b) Detection of precipitins using a WS/TE fraction from A . fumigatus 2109 with aspergilloma and ABPA patients' sera. The centre well contained the antigen. Peripheral wells contained the same sera as in where routinely only one precipitin arc was seen. The levels of antigens used in double diffusion were based on protein content and varied considerably depending on the preparation (Table 3) . Reactivity towardspatients' sera. When allowed to react against sera from ABPA patients, weak reactivity was seen with both WS and TE antigen preparations, while reactivity towards a WS/TE fraction was either trace or undetectable (Fig. 1 a, b) . On fivefold concentration of individual ABPA sera, and with sera from aspergilloma patients, 4 + 1 precipitin arcs were seen with the WS antigens from the two strains of A . fumigatus used. Under similar conditions, the TE and WS/TE fractions gave an average of 3 + 1 precipitin arcs with aspergilloma antisera and an average of 2 & 1 precipitin arcs with concentrated ABPA sera.
Cross-reactivity of patients' antibodies towards A . jlavus and A . terreus precipitinogens (in six and three cases, respectively) was detectable with all three antigenic fractions ( Fig.  1 c, d) . Two cases of A . niger cross-reactivity were detectable with all types of antigen. A single case of an ABPA serum sample which reacted positively with the WS antigen preparation of A . nidulans showed no detectable precipitation with the TE and WS/TE extracts.
Reactivity towards heterologous antisera. Each extract was allowed to diffuse against the antisera of the other Aspergillus species under test (Fig. 2) . The only major differences were seen with the A. fumigatus 2109 fractions where, in contrast to the WS fraction, the TE and WS/TE preparations showed no cross-reactivity with A . niger or A . nidulans antisera and the WS/TE fraction failed to cross-react,with A . terreus antiserum (Fig. 3 a, c) . This selectivity was not seen with the other strain of A . fumigatus (2140) where the wall antigens reacted with all antisera except that the WS/TE extract showed no detectable cross-reactivity to A . niger (Fig. 3 b) . The trace reactivity of the WS fraction of A . Jlavus towards A . niger antiserum was not seen with the wall antigens while the trace reactivity of the WS and TE fractions of A. nidulans towards A . fumigatus antiserum was not seen with the WS/TE antigen preparation. Aspergillus terreus cross-reactivity towards A. nidulans was lost with the wall fractions and the WS/TE extract showed no reaction with A . fumigatus antiserum; with A . niger wall antigens a lack of response to A.flavus antiserum was noted and the WS/ TE fraction also failed to react with A . furnigatus antiserum.
Counterimmunoelectrophoresis. Samples of TE and WS/TE from an A . fumigatus 2109 preparation were tested at different concentrations by counterimmunoelectrophoresis against sheep and human aspergilloma sera and compared with a WS fraction (Fig. 4a, b) . The wall antigens were readily detectable at 1.5 mg protein ml-l; the WS extract, on the other hand, was used routinely at 12 mg protein ml-l, as a positive control.
Reproducibility of antigenic preparations of A . fumigatus. The WS and wall extracts of A . fumigatus 2 109 were examined chemically and immunologically for batch-to-batch variation. The total protein and carbohydrate contents of several preparations were determined (Table 4) . Considerable fluctuations were apparent in both. On a comparative basis, the degree of variation between WS, TE and WS/TE extracts was quite similar.
The WS and TE preparations were tested by double diffusion against serum from an aspergilloma patient (Fig. 5a, b) . The different batches of TE all showed similar reactivities. While some of the WS preparations had very high reactivities when tested against the same serum, others were much less reactive.
Sensitivity to pronase. Reactivity towards homologous antiserum on double diffusion was lost on pre-incubation of antigen with a proteolytic enzyme. Only with the WS fraction of A . terreus was trace reactivity still retained under these conditions. Sensitivity to sodium periodate. Periodate oxidation had no effect on antigen activity with the exception of A . niger, where antigenic fractions lost one of two precipitin components.
Sensitivity to Con A . Addition of Con A to antigen preparations caused precipitation with subsequent loss of immunological activity. Aspergillus terreus WS fraction was unaffected.
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DISCUSSION
Using the technique of double diffusion, the immunological reactivities of wall-located antigens from five species of Aspergillus were compared with that of their WS counterparts from whole, macerated mycelium. On a protein basis, an increase in sensitivity towards homologous antiserum was found. The increased sensitivity of the TE fraction relative to the WS fraction was at least twofold while, with the exception of A . niger and A . nidulans, an eightfold increase in sensitivity was obtained with the WS/TE fraction. With the one strain of A . fumigatus tested by counterimmunoelectrophoresis, the increase in sensitivity of the wall antigens relative to the WS fraction was eight to tenfold, using either homologous antiserum or a human pool, prepared from selected patients' sera.
In general, the fractionation sequence used resulted in some increase in specificity in the antigenic moieties, especially of the WS/TE fractions, as judged by reactivity towards heterologous serum samples. The most noteworthy was one strain of A. fumigatus (2109) where cross-reactivity of the wall antigens to A. terreus, A . niger and A . nidulans antisera was either reduced or was no longer detectable. This was found even when all fractions were tested at comparable protein levels. In this it differed from the other strain of A . furnigatus studied where only cross-reactivity towards A . niger was no longer apparent. In counterimmunoelectrophoresis tests carred out in this laboratory, differences in reactivities of the WS fractions of the two strains of A. fumigatus when tested against a number of human antisera have also been found (unpublished results).
The small number of patients' sera which reacted positively to more than one species of aspergillus antigen did so to both its WS and wall fractions. Thus, the apparent increase in specificity seen with the WS/TE fractions of A . terreus and A . niger against experimentally produced heterologous antisera was not found when human specimens were tested. This may be due to quantitative or qualitative differences in antibodies in human compared to experimental samples. At the levels used, the number of precipitin lines seen on double diffusion was lower for wall antigens than for WS preparations tested against both aspergilloma and ABPA sera. However, in no case of proven aspergillosis involvement were the antibodies not detected by the wall fractions.
Chemical analysis showed a sevenfold variation in the protein to carbohydrate ratio from species to species in the WS fraction. Variation was much less marked in the wall fractions, where the difference in the protein to carbohydrate ratio over the species range studied was approximately threefold. On fractionation within a species, enrichment of carbohydrate relative to protein occurred (with the exception of A . furnigatus 2140). The TE fractions all contained a high proportion of hexosamine. Removal of Triton resulted in a concomitant loss of hexosamine from solution ; the WS/TE fraction contained almost exclusively neutral sugars. Sensitivity to pronase and Con A, but not to periodate oxidation suggests glycoprotein antigens with protein at their active sites.
For the one strain of A . fumigatus tested for batch variability, the chemical composition was found to fluctuate widely in all three antigenic fractions. Only the WS/TE fraction showed some chemical homogeneity in its sugar composition. When examined on double diffusion a more uniform precipitin pattern was seen with the TE extract than with the WS extract.
The fractionation scheme proposed and carried out on five species of Aspergillus yielded surface antigens of more uniform chemical composition and increased sensitivity in serological tests when compared with their WS counterparts. Results with human sera showed cross-reactivity between the different species, indicating the presence of shared antigenic determinants in these extracts. Isolation and analysis of common antigens would be of interest in the study of antigen-antibody interactions. At the same time, further fractionation to select immunologically specific entities, linked to a more detailed analysis of their chemical composition, is required to achieve more standardized reagents for serological techniques. It is hoped that these wall-located antigens with their increased sensitivity in in vitro tests can be further purified and characterized to fill this role.
